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PRODUCT PURPOSE 


The SP 0256 speech processor is an N-Channel Metal ‘Gate LSI device that is 
intended for product applications where synthetic speech. or complex sounds 
are required. 


The SP device serves as a fixed repertoire speech and sound synthesizer 

which is capable of reproducing up to 256 discrete sound sequences. Each 
sequence may be called by loading its 8 hit address into the command register 
of the device. The sequence data is located in mask programmable ROM, which 
enables the user to specify the speech or sound pattern desired. For applicat- 
jons requiring a larger yocabulary than can be accommodated in the 16K bits of 
on board ROM, external ROM may he used tq extend the devices capabilities. 


Through the addition of external ROMS the system may be expanded to directly 
address 491K hits of memory, and up to 3825 sequences (usually words or phrases) 
which may he called directly from the input port using a double byte load. 
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a) GENERAL DEVICE FUNCTION 


The internal organization of SP, enables a large quantity of. speech, or sound 
to be specified in a modest amount of pattern ROM. In addition, the flexible 
architecture of the on-board controller allows the user to partition the 
available storage space into as many sequences as desired. 


From a functional standpoint, the device can be divided into two major 
sections, the controller, and the vocal tract model (VTM). The VTM is 
a parametric sound and voice snythesizer which produces complex waveforms 
under the control of 17 slowly time varying parameters. 


The controller executes its internal ROM instructions and modifies the 
appropriate parameters of the VTM to create the desired sound sequence. 


The interface between the controller and the VTM is accomplished through 
the parameter registers and related timing signals. 


Since the number of bytes of data used per second of speech is variable, the 
user is able to trade off speech quality for yocabulary size when it is 
desirable to do so. High quality continuous speech requires about 2000 bits 
per second, while lower quality understandable speech can be coded at consider- 
ably lower hit rates. 
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DEVICE OPERATION 


SP VT™ Fitter Structure — 


The SB device models. speech-(and- other sounds)-using a series of six variable 
2nd order resonators excited by either a pseudo noise source, or a periodic 
impulse source. 


The VT is implemented using totally digital techniques. This approach allows 
one 2nd order section to serve as six sections through the use of multiplexing 
and information line pipelining. The saction that fs implemented is the 2nd 

order infinite impulse response (JIR) digital filter shown in Figure 1. This 

filter stage has the transfer function: 


— —————— 
H(z)= i—> F,zo! -84z7* 


Therefore it can be shown that the poles of the transfer function occur at: 


= = 

-a 

and when, 
-I< Bs (9) 
"and, IF] < V-B 

the poles will be placed in a complex pair, forming a resonator with the band- 
width given by: = 

-Fs uN (82) . 
(1) Bu. = - 


where Fs is the sampling frequency in HZ. 
and the center frequency (Fk) given by: 
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ee As can be seen from equations 1 and 2 above, the modification of the & 


coefficient changes hoth the frequency and the bandwidth of the resonator. 
The modification of the F coefficient, however changes only the center frequency, 
and has no effect on the corresponding Handwidth. 


Since speech signals (in particular vowel sounds) convey information through 
the shifting of resonant peaks in the spectrum, it is desirable to be able to 
change centar frequencies of the 2nd order stages independently of their respect- 
iye bandwidth settings. In addition ft is important that the parameters of the 
indiyidual stages (corresponding to particular resonances) can be modified in- 
dependently. The use of cascade énd order stages supports these features, giving 
this configuration a distinct advantage over other filter sections currently in 
use for speech synthesis, such as the Lattice section, and the direct form im- 
plementation. The instruction set of the S2 ‘contraller section. ts idesigned . 
to exploft the ability of the VT™M parameters to he updated selectively to achieve 
a greater packing density in the ROM. In addition, this permits the user to 
trade-off between quality and quantity of speech samples possible within the ROM 
space ayailahle. 


If it {is desired to place resonances at a frequency of zero, these real axis 
poles can be accomodated directly. Each énd order stage may be used to place two 
real axis poles of variable bandwidth. If X, fs the real axis location of the 
first pole, and X the second: : 


Fea + % 
. 


and: 2 P 
a, =(F -%) -F 


with the bandwidths of each given by: 
Sw, = -2Fs LN x 
BW, = -2Fs LN Xp 
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where F. and 8, represent the coefficients in Figure 1. 


Coefficient updates to the filter occur at the beginning of a pitch period. 
This timing results in the smallest possible distrubance to the output at 


update. 


The information line precision is maintained at 16 bits throughout the V™ 
filter. 


The multiply by 2 shown in Fig. 1 is implemented as a1 bit binary shift “~ 
following the F. multiplier. The shift operation is performed separately 
from the multiplication to scale F. to the same range of values as 8. 


The coefficients Fe and 8. are quantized non-linearly to minimize coefficient. 
sensitivity. 


The two coefficients are processed by the same non-linear transformation 
hardware in the range. 
’ “1<C<1 


where C may be either F. or 8. 


The non-linear transformation T(X) is implemented with a table lookup ROM. 


The input coefficients of each stage, denoted as F and 8, are expressed in 
sign magnitude form and used to generate the mitiplier coefficients as 
follows: 

F. = TF) 


8 = T(8) 
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v 0. 0006u0 
4 -9 -.017578 
2 -1? =. 033203 
3 -25 -. 045628 
. 4 “33 =. 064453 
s “44 -.090078 
6 “49 =. 095703 
7 -57 ~.211328 
8 ~6S -. 126953 
? -73 -.142578 
10 “61 -. 1568203 
rey -39 -.173626 
12 -97 -.189453 
13 -105 -.205078 
14 -t13 ~. 220703 
2 7124 - 230328 
to 129 -. 281983 
17 “137 ~.267578 
18 -145 =. 283203 
19 7153 -. 299628 
20 161 -. 344453 
as 169 -.330078 
22 -177 -. 345703 
23 “13S ~.361328 
ze 293 -. 3767853 
2s 201 -.392578 
26 -209 -. 408203 
27 247 ~. 423828 
28 -228 439453 
29 7233 435078 
30 242 =. 470703 
3a ~249 -. 486329 
32 -287 -.S50i9S3 
33 -20S ~.517578 
34 -273 =. $33203 
35 7284 -. 346823 
Je -299 ~. 564453 
37 -297 -.530079 
38 30% -. 587894 
39 305 -. 595705 
40 7309 = 683516 
4. -313 ~.6113529 
42 -317 =. O94 41. 
43 324 ~. 626953 
4a -325 ~. 634766 
49 ~329 ~.042573 
4e “333 =~. 650391 
4? 337 -. 658203 
48 341 =. 666016 
49 7345 =. 9733828 S 
so 349 ~. 681642 
Ss -3S3 -. 689453 
s2 -357 =. 097266 
s3 ~362 -.795078 
$4 -30S =. 722392 
€s 36? -.720703 
Se 7373 ~.72535%6 
$7 377 -. 736328 
33 ~361 ~. 7aaiat 
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ey = 
70 -427 = 
7 -427° a 
72 432 =; 
73 -433 -. 
74 -435 = 
7s 437 -. 
76 439 - 
77 441 - 
738 443 - 
7? 44S - 
0 447 = 
34 442 - 
82 -45i - 
33 -453 = 
64 “455 =; 
83 ~437 = 
Be -4s? -. 
a 87 ~40i = 
638 -463 x 
8? 405 
90 467 = 
aL 467 Oe 
92 472 = 
93 -473 -. 
°4 -473 =, 
9s ~47" -. 
96 479 = 
97 -462 =. 
98 -482 bc 
oF -482 <r 
100 464 - 
204 -485 =, 
202 486 = 
103 467 
104 488 
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Ss 
SEFSa0 
697206 
705078 


- 742892 
. 720793 


728316 


. 736328 
-74ei4i 
-7S29SS 
. 759766 
-767S73 
- 77SS94 
. 783203 
- 7929026 
. 798828 
806041 


814453 


- 822566 


830078 


- 835784 
- 837892 


- 942797 


.848703 


aa9e0? 
SS3516 


- 857422 
. 861328 


. 865234 
96914. 


. 373947 
. 876953 


860uS9 


- 864756 


938872 


. 892978 


396484 
F00SAL 
FO42S7 


- 908205 


942207 


-9280%6 
9497422 
. 923828 


- 927734 


-9siest 


- 935247 
-9394SS 


941406 


33S? 


(94$513 
.F327206 


IaPZi1e 
- 931272 
- 983225 


. 993078 


- 937932 
- 953993 
300978 
-PeSSrs 
Feides 


Document Control #0380-20 


Document Control #038U-zU 


- 972056 


- 
a ~ 
243 477 974609 - 
244 (Ct S00 976563 
24s So. -979Si6 : 
53 + 246 so2 - 980469 
247 so3 - 962422 
248 sos - W437S 
249 sos . 986323 = 
- 250 506 - 998284 ; 
abt $07 .90ua34 
2s2 308 792138 
233 soo 994242 
P 234 $10 WOUPS 
293 Sit 998047 
lant . 
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VIM Source Timing 


The VIM operates under control of the 17 parameter registers listed in Table 1. 
The duration and pitch of the sounds produced by the SP device are controlled by 
the R and P registers respectively. P specifies the mmber of sample periods 

in one pitch period. 


Expressed in terms of the pitch (Fo) and the sampling frequency (FS) 


P= i 1 < P< 255 


The pitch source injects unit impulses, spaced P sample periods apart. The R 
register (repeat count) is the mmber of pitch cycles executed before a register 
update occurs. 


, When P is assigned a zero value, the pitch source is replaced by a zero mean, pseudo 
noise source. This mode of operation is referred to as unvoiced mode. In this 
mode the system requests a register update after 64 times R samples. The amplitude 
of the source is controlled by the A register. It is coded as 5 bits of mantissa 
and 3 bits of exponent (i.e. binary shift). 


At the completion of the pitch period, the value stored in the AI register is added 
to the A register contents, and similarly the PI register is added to the P register. 
This allows the pitch and amplitude of the frame of speech to be smoothly interpol- 
ated between updates. 
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A Source Amplitude 

Pp 8 bits Pitch Period (Number of Sampling Periods) 
B1 & bits 8B Coefficient of Filter Stage 1 
Fl 8 bits F Coefficient of Filter Stage 1 
B2 8 bits B Coefficient of Filter Stage 2 
F2 8 bits F Coefficient of Filter Stage 2 
83 8 bits 8 Coefficient of Filter Stage 3 
F3 8 bits F Coefficient of Filter Stage 3 
B4 & bits B Coefficient of Filter Stage 4 
F4 8 bits F Coefficient of Filter Stage 4 
BS 8 bits B Coefficient of Filter Stage § 
F5 8 bits F Coefficient of Filter Stage 5 
86 8 bits B Coefficient of Filter Stage 6 
F6 & bits F Coefficient of Filter Stage 6 
AI 8 bits Amplitude Interpolation Delta 


u 
1 
r) 
ia 
& 
G 


Pitch Period Interpolation Delta 
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SP Controller 


The SP Controller is a sequential processor which fetches instructions 

and data from ROM, and is capable of altering the contents of the 17 
parameter registers controlling the SP VTM. The controller has 16 executable 
instructions, and supports 1 level of suGroutine nesting. The instruction set 
is designed specifically to allow selective updates of the parameter registers 
to be performed. [In addition,the JMP and JSR instructions allow chaining of 
segments, and sharing of code sequences to eliminate redundancy. 


The SP instruction set consists of two groups of instructions, register 
modification instructions, and branch control instructions. 
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PROGRAMMABILITY 


ister Modification Instructions 
The purpose of the SP register modification instructions is to update the VIM 


parameters. 


The R and P registers determine how many sample periods of a particular sound 
are output by the VIM before control of the parameter registers is returned 
to the controller. The controller waits until the completion of the last of R 
pitch periods (or 64 X R samples in unvoiced mode) before executing the next 
Tegister modification instruction. 


Each of the 12 register modification instructions,with the exception of RCU, 
consists of a 4 bit op code followed hy 4 bits of data which are loaded into 
the lower 4 bits of register R. RCU is a 1 byte instruction which loads the 
upper 2 bits of the Repeat register (i.e. Register R), the Precision Select 
Bit (P), and the Filter Order Select Bit (™). 


RCU passes control to the next instruction following execution. RCU will not 
cause an immediate transfer of control to the VIM. 


The Precision Select Bit determines which of the two bit precision maps stored 
in the SP0256 is to be used in updating the parameter registers. When the P 
Bit is set high, a greater mmber of hits are used to represent the parameters 
which renders the highest quality speech. Setting the P Bit low selects a bit 
precision map which calls for fewer bits to specify the parameters, offering a 
bit savings at a slight speech quality loss, which is often imperceptible. The 
Filter Order Select Bit (M Bit) selects hetween a 10 pole VIM configuration, and 
a 12 pole configuration. In the 10 pole mde, the F6 and B6 registers are set to 
zero and not loaded by any of the register mdification instfictions. When 
synthesizing speech sections that can be modeled with only 10 poles without a 
loss in quality, this configuration may be used to reduce bit rate. The 12 

pole configuration is selected by setting the M Bit high. 
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The register modification instructions fall into two groups, absolute load 
instructions, and Delta coded load instructions. 


The absolute load instructions replace the current values of the parameter 
registers to be updated with new data pulled from the Speech ROM. The mmber 
of bits used to represent each parameter and their placement within the 8 bit 
register word is determined by the Bit Precision Mapping ROM inside the SP0256 
Controller section. 


The Delta coded load instructions operate similarly to the absolute load 
instructions with the exception that the variable length data word which is 

pulled from the ROM for each parameter register to be updated, is added to the 
previous value of the parameter instead of replacing it. A different bit precision 
map is employed for Delta loads. In all cases, the Delta load instructions require 
less hits than their absolute equivalents. 


All parameter modification data is expressed in twos complement form. 
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INSTRUCTION CODE 
N3N2N,No*Lower 4 Bits of R REGISTERS MODIFIED 


OQOLMPN.N R,(Nsg,Nq are upper 
Tg 2’bits of R) ; 


OOLORRRR, : lala 


ZERO—©81 ,F1,82,F2, 
83,F3,AI,PL 


QO1IRRR, - RA, P,BL,F1,B2,F2 
a) B3,F3,B4,F4,BS,FS, 
B6, F6 
ZERO-@Al PI 


0100 R,A,P,B1,F1,B2,F2 
RSRALRy #3,B4,F4,B5,FS 
F6,AI,PI 


B3, 
B6 


’ 


aq1ol R,RRRy R,A,F1,F2,F3 


ZERO—#AI ,PI 


OLLORRRR, R,A,F4,FS,F6 


ZERO —mAl ,PE 
olil R5RARRy R,A,P, ZERO-@Al,PI 


1000 RRR, R,A,P,B1,F1,B2,F2, 
3 ° BET F 

B6,F6,AI,PI 
(All parameters with 
the exception of R 
are loaded with full 
8 bit precision for 
this instruction only) 


1001 FRL instruction with 
RRA parameters except R, 
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MODIFICATION INSTRUCTIONS 


INSTRUCTION CODE - 
bo a = Lower 4 Bits of R REGISTERS MODIFIED 


1a10 R R,A,P,F1,F2,F3 
a dae ea rt 
w 


TOTT R. Delta coded PRL 
%3 *2 1 %o Instruction 


TTQQR, RR Ry R,A,F1,F2,F3,Al,PL 


TTT 1 Rg Ry Ry Ry 


R 
Zero —3P,A,AI,PI 
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BRANCH CONTROL INSTRUCTIONS 
INSTRUCTION CODE # OF BYTES REGISTERS MODIFIED 


PLO 1 Ag Ag AAY ¢ PC -=RB,Ag thru 
Ag “mPC,Return Flag 


Ba Ay Aa Ag Ag hg AG AD Set 


00000000 If Return Flag Set 
RB—® PC,Return Flag 
Reset 
If Return Flag not 
Set IB —=PC 
Om IB 
IBF Reset 


1 1 1 0 Ag Ay AigAy, Ag thru Ags —ePc 
Ay ees eH 


o0ao00 MaAshats. On ee eee 
JSR or truct- 
ion 


MMe siz —epc 


(Ayo thru Ais must be 
greater than zero) 
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HIGH PRECISION (P_ = 1) BIT MAP 


PARAMETER BIT PLACEMENT ABSOLUTE : BIT PLACEMENT DELTA 
FI ; DDDDDDXX ~ =" ¥XDDDDXX 
BI xDDDDDODX xxxDDDODX 
F2 : DDDDDDXX XXDDDODXX 
B2 _ xpooopoox xXXDDDOX 
F3 DDDDDDXX XXDDDODXX 
B3 xDo0DDDDX XxXxXDODODX 
F4 poooDDDX xxDDDDDX 
B4 xDO0DDDODX XxXxXDDDDX 
FS DDDDODDODD XxXxX0D00D 
BS popoD0DD XxXxDDDODD 
- FG pDDDDDODD xxXxXD0D0D 
¢ pooDDDOD xxxoo000 
DoDDDDDOD xxxo0000 
DDDDDDXX XXDDDDXX 
xxxDDDOOD xxx00000 
XXxX0000DD xx 


(D INDICATES PLACEMENT OF DATA BITS IN 8 BIT WORD) 
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-LOW PRECISION (P = 0) BIT MAP 


PARAMETER BIT PLACEMENT ABSOLUTE ; BIT PLACEMENT DELTA 
Fl DODODXXX XXDDOXXX 
Bl XDDODXXXx XODDXXXX 
F2 DODOOOXXX XXDDDXXX 
B2 XDDDXXXX XDDOXXXX 
F3 DDODDXXxX XXDDOXXx 
83 XDDDXXXX XDDOXXXX 
F4 DDDDDOXX XxxDDODXX 
84 XDDODODXXxX XXDDOXXX 
FS oDDoo0DDXX XXDDDOXX 
5 DDDODODODX xxxDDDOX 
Fé DDODDDODD XXxDODODOD 
86 DODODDODDD xxxoo0000 
Pp oodDODDDDD xxxdDDOD 
A DoDDDDXX XxO0D0D00XX 
PI XXxXDODDO xxxDoOO0DOD 
AI xxXpo000 Xxk¥00000 


(D INDICATES PLACEMENT OF DATA BITS IN 8 BIT WORD) 


GENERAL INSTRUMENT CORPORATION srec.wo,  SP0256 
MICROELECTRONICS GROUP SHEET = 22 


Document Control #0380-20 


Instruction Chaining 


In the case where more than one register modification instruction is required 

to update the parameter registers, yet it is not desired to perform a full 

update (FRL), 2 or more instructions may be chained together. This feature is 
also useful for initializing the registers before a JMP, JSR, or return instruct- 
jon, without causing the VTM to start a sound sequence. 


If an instruction is to be chained with one or more other instructions, the 

lower 4 bits of its' instruction byte are set to zero. The last instruction 

in a series of chained instruction bytes, is the only one with a non-zero lower 

4 bits. The lower 4 hits of the last instruction hyte in a chained series is load- 
ed into the lower 4 bits of the R register. When chaining instructions, the data 
bytes appear after the last instruction. The order of the data bytes is given 

by Table 3. 


For example, if it was desired to chain an FFU with an FFL instruction, the 
following registers would be updated: 


FFU Modifies F4, F5, F6, R, A 
FFL Modifies FI, F2, F3, R, A 


Referring to Table 3, it can be seen that the proper sequence for the above data 
is: e 


A, Fl, FZ, F3, F4, F5, F6 


If we assume that low precision mode has previously been selected, the proper bit 
string to execute the entire sequence would be: 
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TABLE 3 


DATA BYTE LOAD SEQUENCE FOR CHAINED INSTRUCTIONS 


- 


Loaded First A- 


oaonrnonu fF WwW 


Loaded Last 
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loo 0 ot Qt 
(Fa Re & Ry be 
0 


nei. 


ooovococc 0c oa 
ooodoococ0Tc0o o- 


Ly) 
Lo} 
t) 
1) 
Ly} 
i} 
0 


(D REPRESENTS OATA BITS CORRESPONDING TO PARAMETER) 


Where Ry Ry on Ry represent the lower 4 bits of the repeat register (R). 
Since the instructions are both absolute load instructions the data will 

be read from the ROM using the bit placement absolute map. As can be 

2 seen from the above, this chained sequence requires 57 bits of ROM storage. 
a) The first bit of the next instruction would be the ROM bit following the 
above bit stream. Note that the beginning and end of an instruction sequence 
May occur anywhere within a byte houndary. 
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How To PACK Rom DATA 


ASSUM@® THE DATA Sequence on PAGE a5. ASSUME A 
Jume susTRueTON FourcoWS . STF vAPACKED THE DATA 
wWovkD ge As Porcews > 


«+ MBER, 22 e Eh Cre) ee... 
ow PRE ON ON Re Be Pe Re 
H A AsA¢ As AaA: Ae 
| A fia Fis Fa Fi Fie 
Fe ue TS) Feo 
Fs fia ahaa Fao 
Fu Fey Fina Fee igFes Fro 


Fo | FRR R. 
MP bot ft 0 Ag Aa Re Au 


_ AeA Baba ha Ag BaA7 


WHEN _PACKED, HE DATA woud ge AS Fowwowds? 


oa = FalAs As An As Ar As 
van wee, Ble Bo, Gill fe 


DATA 4S _SWFTED 0OUuT-. Fo. THe AIGHT. TumP anstRuctions 
come our MSB FilstT - AL DATA AVD oTHER =NSTRUCTIONS 
Come OvT L88 =FiAsT. 
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Branch Control Instructions 


: The SP Branch Control instructions differ from the register modification 

instructions in that they do not modify any of the VTM parameter registers. 
The sole purpose of these instructions is to determine the location in the 

ROM from which the next instruction will be fetched. The JSR (Jump 
to Subroutine) instruction stores the present address (ie. the contents of 
the PC register) in the return buffer (RB) register. The PC register is loaded 
with the 12 bit address specified by the last 4 bit of the instruction byte 
and the following data byte. In addition, an internal return flag is set to 
indicate that the RB register has been loaded. The controller then fetches 
and executes the instruction located at PC +1 in the ROM. Only one level of 


subroutine is allowed. 


The JMP (Jump) instruction loads the PC register with the 12 bit address 
specified by the lower 4 bits of the instruction byte, and the following data 


byte. Neither the return flag nor the return buffer are modified. 


Upon 
completion of execution, the next instruction is fetched from location PC +1 
_ in the ROM. 


RET (Return From Subroutine) is an instruction whose function depends on the 


state of the return flag. When the return flag is set (indicating that a sub- 
routine is being executed), execution of an RET instruction will cause the 


contents of the RB register to be moved into the PC. The return flag is reset, 


and the controller fetches the instruction located at PC + 1, and continues 
When 


execution from that location. Only one level of subroutine is allowed. 


an RET instruction is encountered and the return flag is not set, the status of 
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the input buffer flag (IBF) is checked. If IBF is set, (indicating that the 
starting address of the next sound sequence has heen loaded into the SP device) 
the contents of the IB register (8 bits) is loaded into the PC_ 


If the IBF flag is not set, the controller will disable any further output from 
the VTM, and wait for the IBF flag to become set. The SBY (standby) pin will go 
high and remain high until the IBF flag is set. The SBY pin is discussed 
further in the section on standby operation. When the IBF flag fis set, execution 
continues as described above. 


PAG is a one byte instruction used to perform Jumps to addresses in memory outside 
of the present page (4K byte block). The lower 4 bits of the instruction byte 
specifies the upper 4 hits of the address in the next JMP or JSR instruction 
encountered. The argument of the PAG instruction. must be greater than zero since 
the hase page in the system is Page 1. If a JMP or JSR instruction is executed 
without a PAG instruction preceeding it, the upper 4 bits of the UMP address are 
set to the upper 4 hits of the PC. The fact that the PAG instruction is optional 
allows a 2 byte short form address to be used for short jumps, and a three byte 
extended Jump consisting of a PAG instruction and a JM? or JSR, to be used for 
Jumps outside the present page. 

Although instruction sequences may begin and end within byte boundaries, JMP, JSR, 
and RET instructions always cause a branch to a byte boundary. For example, if 

a JSR instruction had its last bit stored in the 4th bit position of byte number 
125g in ROM, and the instruction called for a Jump to location 250, the next 
instruction to be executed would be read starting with the first bit of location 
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250. If a return instruction was executed, the next instruction would be read 
starting with the first bit of location 126g, not the fifth bit of location 125g. 
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» latch its data without an external strobe. When the SE input is tied low, the SP 
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DEVICE INTERFACE 


Program Entry Control 


In the SP System, the individual sound sequences stored in ROM, are accessed 

by use of the 8 Git input port. The significance of this input byte is a 
function of the state of the SE (Strobe Enable) input pin. When the SE line 

is high, and the input port has been loaded from the external system the 
contents of the 8 bit input port is loaded into the 8 bit IB register. This 
allows any one of 256 entry points to be specified with a one byte input. The 
entry points are spaced at 2 byte increments (ie. 0, 2. 4, 6....) throughout 
the internal ROM. Two byte inputs may be used to expand the number of entry 
points to 3825. This addressing scheme is most useful in applications where 
the SP is interfaced to the data tus of an external microprocessor, or in other 


environments where the use of a strobe line may he desirable. 


In applications where an appropriate strobe is not available (such as a stand- 


alone environment with switches selecting the desired sequence) the SP 0256 can 


0256 will latch in the data on the input bus approximately Tusec.after the detect- 
jon of a high level on any one of the 8 address input Tines. 
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& Input Handshake Control 


Input to the SP device is accomplished using 8 input data pins, 2 handshake 
lines, and an input mode select pin. As mentioned in the previous section, 

the handshake pins are not necessary for some applications. When the SE 
(Strobe Enable) pin is kept high the handshake lines (LRQ and DLD) are used 

to coordinate the data input. LRQ (Load Request) is an output pin which is 

low whenever the IBF (Input Buffer Flag) is set. When LRQ is high, the input 
port is loaded by placing the 8 bits of data on the input lines, and pulsing 
the OLD (Data Load) input. The rising edge of DLD will cause LRQ to go low, 
where it will remain until the internal IBF Flag is reset hy an RET instruction. 


DAC Output 


The output of the SP VTM section drives an internal 7 bit pulse width modulation 
(PWM) digital to analog converter. The design of the PWM DAC jis such that all 

noise components are at or above 10KHz. The output is low pass filtered to SKHz, 
and amplified externally. 


Standby Operation 


The SP 0256 has two power supply pins and a common ground. The VO1 supply pin 
powers the interface logic and provides standby current to the controller and 
The VDD pin powers the VTM, the controller and the 
internal ROM. When the SBY pin is high (indicating that the SP is inactive) the 


parameter registers. 


VDD pin can be powered down externally to conserve power. This will provide a 
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standby current which is a fraction of the normal operating current. 


When the SP 1s loaded with an entry byte, the SBY pin is brought low signaling 
the external circuitry to power-up the VDD pin. The SP will delay execution 


of the selected sequence to allow the power supply to settle. If it fs not 
desired to implement the standby mode of operation, the VO1 and VDD pins should 
be tied to a common supply. 


Clocks 


The SP 0256 requires one 3.12MHz clock, which is generated by an onboard 


oscillator with external crystal control. The crystal is connected between the 
XTAL in, and XTAL out pins. 
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Vocabulary Expansion 


The SP 0256 is capable of directly addressing 61,440 bytes (8 bits wide) of 
ROM. The devide has 2K bytes of ROM on board. If additional vocabulary space 
is required, external ROM may be added to the system. 


The external ROM interfaces to the SP device through the use of the serial in, 
and serial out lines. The serial out pin provides the 16 bit address to the 
external ROMS. The addressed ROM sends serial data back to the SP 0256 through 
the serial in pin. To accommodate this serial communication, special purpose 
ROMS are used. These expansion ROMS are controlled using the C;, Co, and C3 
outputs of the SP 0256. The architecture of the SP is such that a 16 bit 
address need be output only upon execution of a JMP or JSR instruction. External 
ROM interface timing 1s shown in Figure 3. Table 4 lists the control functions 
of the vocabulary expansion ROM, and the action taken by the ROM. Figure 4 
shows the interface between the SP 0256 and two SPR-16 ROMS. 
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FIGURE 3 EXTERNAL ROM INTERFACE TIMING 
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gi: ay 4 CONTROL STATE 


ci__c2_ C3 FUNCTION 


o ££ 6 NOP - No Action Taken 


c 6. .3 ASR_Load - Accepts data from the serial output synchronous 
to the externally supplied ROM clock. This data 
is shifted into the ASR holding register in 
preparation for loading into the PC. Although 
ASR is 16 bits long, it is not necessary to load 
poi 16 bits of address sequentially in one ASR 
oad. 


0 1 0 PC Load - Loads the contents of the ASR register into the PC. 


OSR_Load - Loads the 8 bits of data pointed to by the present 
value of the least significant 11 bits of the PC 
into the data output shift register (OSR). At 
the completion of the DSR load the PC is incremented. 


1 0 0 OSR_Shift Out - Shifts out the contents of OSR to the serial 
in pin, synchronous to the ROM clock. 


o 
—_ 
_ 


+ 0 1 RET. Register Load - Loads the return register (RB’) with 
oo the current value of the P.C. 


1 1 Q Return - Load; the PC with the contents of the RB register. 


1 1 1 NOP - No action taken in Speech ROMS. 
Does not exist in SP-0256. 


SP0256 
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> Maximum Satines 
Y All pins with respect to VSS ---2-222 neon = 0.3 25 9.9 
Storage Temperature - =25%¢ ta 1255¢ 
s 
Standard Condisions, 
Clock = Crystal Frequency ———— 3, 120uz e 
Operating Temperature O°C ta 70°C 
OC_ CHARACTERISTICS 
: Name vm Min Tyo Max Units Conditions 
5 * 
Primary Supply Voltage yoo |4.8 & 7.0 |V 
Standby Supply Voltage WOT (4.6 |= 17.0 [Vv 
Primary Supply Current too | = |-| sa |ma | S°CNo toads. Reset $ STBY. Re- 
o set high. All other inputs 
floating 8 
ToSmaMAx @ O°C 7Ema MAX @ 70° 
Standky Supply Current ToT - |=] 2T |ma 25% sama as above. 
24.0ma MAX @ O°C 17. Sma MAXG7O°C 
— 
ite ALO, SERIN, TEST, 
Loetc a VIL {0.0 |= /|0.6 |V 
LosIC 1 VI [2.4 /-|vol lv 
CAPACITANCE CIN - |=] 10 |pf 
tc | = |=}210 Jua | Vpin = 7.0V Other Fins = O.cV 
RESET, Sav nese 
LOGIC 0 VRSIL | 0.0 Q.6 [4 
Logic 1 VRSIH | 3.5 |=|VOT {V 
gurrurs: 
SBY, Ofgital Gut, Ct, C2, 
Gy L&Q, RCM OLS, RCM CLK, 
SEROUT 
LosIc 9g VOL | 0.0 |/-+/j0.6 [Vv 0.727 (2LS TTL Leads) 
LOGIC 1 VOH | 2.5/=|¥OT |V -3tua (2.8 TTL Leads) 


criven from extarnal source. 
2in 27 = INPUT © 3.50V MIN 
Pin 27 = INPUT = 0.50V MAX 


SP-0256 


SPC NC. 


